Butirosin, a new water-soluble aminoglycosidic antibiotic complex, active against gram-positive and gram-negative bacteria, has been isolated from fermentation filtrates of Bacillus circulans by ion exchange. The complex has been resolved into isomeric A and B components, C21H41N5012, by means of Dowex 1 X 1 or Dowex 1 X 2 chromatography. Properties ofthe free bases and the N, N', N", N"'-tetraacetyl derivatives of butirosin A and B are given.
Pseudomonas aeruginosa. Butirosin has been separated into components A and B as the free base and as the N,N' ,N" ,N"'-tetraacetyl derivative.
ISOLATION AND PURIMICATION
Because of the mucoid nature of the culture filtrates, butirosin is isolated by batch adsorption at pH 6 to 7 onto a cation-exchange resin, (NH4+). The resin adsorbate is packed into a column and washed with 0.1 M ammonium hydroxide. The eluate is concentrated and readsorbed on a column of IRC-50 (NH4+); the resin column is washed with three equivalents of 0.1 M ammonium hydroxide to remove impurities, and the antibiotic complex is eluted with 1 M ammonium hydroxide. After concentration of the eluate in vacuo, the aqueus concentrate is (i) lyophilized to give the free base which may then be treated with excess hydrochloric or sulfuric acid to give the respective salts upon acetone precipitation, or (ii) adjusted to pH 6.2 with dilute sulfuric acid and carbon-treated to give the sulfate of butirosin.
The antibiotic complex can be separated into butirosin A and B by means of ion-exchange chromatography. A solution of the base is percolated through a column of Dowex 1 x 1 or Dowex 1 X 2 in the borate form. Development of the resin column with water gives butirosin A free of butirosin B. Subsequent elution of the resin with increasing concentrations of aqueous boric acid up to 5% gives butirosin B free of A. The separated bases are then isolated by treatment with IRC-50 (NH4+), and the remaining traces of boric acid are removed with Amberlite XE-243, a boron-specific anion-exchange resin.
CHARAC1FERIZATION
The amorphous sulfate of butirosin exhibits no sharp melting point, decomposing at ca. 225 C. It is very soluble in water and relatively insoluble in the common organic solvents, including the lower alcohols; the free base exhibits the same solubility characteristics as the sulfate except for its increased solubility in the lower alcohols (7.5 mg/ml of methanol at room temperature). It gives positive ninhydrin and orcinol tests but negative Elson-Morgan, biuret, and Sakaguchi tests. It analyzes for C21H41N50l2.2H2S04 -2H20, exhibits a rotation of [a]" + 29°( 2%/, in water), has pK'a values in water of 5.5, 7.2, 8.5, 9.4, and exhibits no maximum in water in the ultraviolet in the 220-to 320-nm region. The infrared spectrum is typical of aminoglycosidic antibiotics except for an amide band at 1,650 to 1,652 cm-' The base or sulfate can be differentiated from most aminoglycosidic antibiotics by using paper chromatography with the following systems: (i) methanol-water-acetic acid-25 ,0% aqueous sodium chloride (600:212:75:20.8, v/v) using Whatman no. 1 paper buffered at pH 3, RF 0.21; (ii) meth-using Whatman no. 1 paper buffered at pH 3, RF 0.5; (iii) ethanol-water-acetic acid-25% aqueous sodium chloride (250:500:38:7.5, v/v), RF 0.71.
Butirosin base readily forms a N,N',N" ,N"'-tetraacetyl (N-Ac) derivative by treatment with acetic anhydride in methanol. Paper chromatography of the above N-Ac derivative, using 1-butanol-pyridine-5 % boric acid (6:4: 3), gives two zones: RF 0.34 to 0.38 (N-Ac butirosin A) and RF 0.17 to 0.20 (N-Ac butirosin B). The zones are detected by using a modification of the method of Pan and Dutcher (5), chlorine gas being used instead of sodium hypochlorite. Quantitative estimation of the two zones according to the method of Majumdar and Majumdar (4) gives the relative proportion of N-Ac butirosin A and B and thus provides a means of estimating the ratio of A and B in various butirosin preparations. On the average, the various lots obtained by the IRC-50 isolation method mentioned above were found to consist of 80 to 85% A and 15 to 20% B.
As mentioned previously, butirosin can be separated into the components A and B by means of Dowex 1 x 1 or Dowex 1 x 2 chromatography. The properties of purified butirosin A and B are given in Table 1 , and the biological properties are described by Howells et al. (3) and Heifetz et al. (2) .
On a preparative scale, pure N-Ac butirosin A was obtained free from the B component by partition chromatography of the N-Ac derivatives using 1-butanol-l% aqueous boric acid-pyridine (10:10:3) as solvent system on a Celite column. Pure N-Ac butirosin B was obtained by similar chromatography of the crude N-Ac derivative prepared from the Dowex 1 x 2-resolved butirosin B base, using 1-butanol-water-pyridine (10:10:3) as solvent system. The properties of the purified N-Ac derivatives are given in Table 2 .
The structures of butirosin A and B ( to be isomeric, differing only in a pentose moiety. Determination of the ratio of butirosin A and B in various preparations. The Majumdar process (4) for the quantitative determination of the components of neomycin was employed with several modifications.
(i) Acetylation. Butirosin base preparations were acetylated by treatment of 50 mg of the base with 1.4 ml of methanol and 0.8 ml of acetic anhydride. The solutions were allowed to stand at room temperature for 5 hr and then evaporated to dryness in vacuo.
(ii) Chromatography. The dried acetylated products were dissolved in water at concentrations of 15, 10, 7.5, and 5 mg/ml, and 5 ,sliters of each solution was spotted on Whatman no. 1 paper. The chromatograms were developed descendingly for 24 hr at 25 to 30 C in n-butyl alcohol-pyridine-5% aqueous boric acid (6:4:3).
(iii) Quantitative estimation. The developed chromatograms, run in pairs for each sample, were dried in air for 1 hr and then exposed to chlorine gas in a desiccator for 3 min. The desiccator was then evacuated to remove most of the chlorine, and the chromatograms were dipped in anhydrous ethanol and air-dried. The spots corresponding to A and B components were located on one of the chromatogram pairs by the starch-KI-HCl reagent (4); the amount of the butirosin N-Ac in each spot was determined on the second chromatogram by elution of the material from the paper with water, development of the color with the starch-KI-HCl reagent, and measurement of the absorbance at 570 nm. Standard curves of pure N-Ac-butirosin A and B were used as reference.
Chromatographic separation of butirosin A and B on Dowex 1 X 2. The procedure for the separation of butirosin A and B by means of Dowex 1 is exactly the same whether the X 1 or x 2 resin is used. The method using Dowex 1 X 2 was as follows. The 3 liters of resin (Cl-, 50 to 100 mesh) in a 2-inch (5-cm) column was converted to the hydroxide form with 16 liters of 2 NaOH, washed with ca. 9.5 liters of water, treated with 17.5 liters of 5% boric acid, and washed with several holdups of water. Butirosin base (6.01 g) in 15 ml of water was added to the prepared resin column. After percolation of the sample, the column was washed with 6.42 liters of water at a flow rate of approximately 420 ml/hr. The column was then developed with 4 Preparation of N-Ac butirosin A and B. Butirosin base (16.5 g) was dissolved in 350 ml of acetic anhydride and 900 ml of dry methanol, and the solution was left at room temperature for 48 hr in a stoppered flask. The reaction mixture was then added to 7 liters of diethyl ether, and the resulting white precipitate was isolated (18 g). The product, dissolved in 50 ml of the top phase of 1-butanol-1 % aqueous boric acid-pyridine (10:10:3), was partitioned on a column of 1,850 g of Celite no. 545 wetted with 925 ml of the bottom phase of the above solvent mixture. The column was developed with the top phase of the latter system; 20-ml cuts were taken. Those fractions (no. 562 to 640) containing the pure N-Ac butirosin A according to paper chromatography (1-butanol-pyridine-5% boric acid [6:4:3] ) were combined and concentrated in vacuo. The aqueous concentrate (100 ml) was percolated successively through two columns of 100 ml of XE-243 resin (28 nl/hr) to remove the boric acid and then lyophilized to give N-Ac butirosin A; 2.5 g.
Analysis: C29H49N5016 * H20; calculated: C, 46.96; H, 6.93; N, 9.44; 0, 36.67. Found: C, 47.08; H, 6.97; N, 9.43; 0, 37.39. The above partition column yielded fractions containing pure N-Ac butirosin B, but the amount was so little in this particular experiment that it was not isolated. To obtain pure N-Ac butirosin B, the base isolated from Dowex 1 x 2 (0.9 g) was acetylated with acetic anhydride in methanol and then partitioned as above but using the solvent system 1-butanol-water-pyridine (10:10:3) (1.05 g of product on 100 g of Celite no. 545). The column cut containing the desired material was concentrated in vacuo and transferred to water. The latter solution was percolated through a mixed bed resin (MB-3) to remove traces of ash, and the percolate was lyophilized. Yield: 0.44 g. Analysis: C2H49N5016 * H20; calculated: C, 46.96; H, 6.93; N, 9.44. Found: C, 46.75; H, 7.00; N, 9.30.
